The particle size of organic pigments used in modern coatings is extremely fine. Since these individual pigment crystals are typically less than 1 fim in size, they are difficult, if not impossible, to characterize and identify by microscopical means. The occurrence of occasional pigment aggregates may help identify a pigment to a microscopist who is familiar with a variety of known pigments under controlled conditions. More often, however, such observations provide a qualitative basis for comparison of questioned and known paints without leading to identification of the specific pigments involved. Microscopic observations of this type are assisted by the use of a high-magnification oil immersion objective and condenser with numerical apertures of 1,25 or greater. Due to the small working distance available under these conditions, such observations must be made on smears or high-quality thin sections.
Infrared (IR) microspeetroscopy of coatings rarely provides direct spectroscopic evidence for the identification of specific pigments because these spectra are normally dominated by the absorption pattern of the polymer component. Notable exceptions are the inorganic pigments and fillers which often exhibit strong, characteristic bands, indicating both their presence and identity. These can be correlated with the results of elemental analysis and microscopy to establish the presence, microscopical character, and specific phasesfsj of these components. In the case of organic pigments, minor peaks in the IR spectrum sometimes may be interpreted when an extensive collection of known pigments has been studied previously, and their characteristic absorption peaks have been cataloged (Suzuki and Marshall 1996) .
In classical chemical analysis, specific identifications are made on components which have been isolated and purified. For example, in industrial paint analysis, liquid paints are centrifuged, and the residue is washed to isolate pigments and fillers for identification. Isolation, and thus concentration, of paint pigments appears to be an attractive solution to the problem of pigment identification, if it could be performed on a small scale. Modern, cross-linked polymer coatings are insoluble in normal solvents -which do not break the cross-link bonds between polymer molecules. Thus, this approach is unsuitable for most original top coat finishes, but it may have some application in the case of repaints.
An approach which has been used for some time in our laboratory and has been successfully employed by many of our students is sublimation. Since many organic pigments sublime under atmospheric pressure at reasonable working temperatures, this appears to be an attractive procedure and has been successful for those pigments which cooperate. The apparatus required is simple and inexpensive. Furthermore the technique can be mastered in a relatively short time. The procedure described in the following paragraphs is currently used. However, the technique has been improved since our first discovery of this phenomenon over 10 years ago, and it continues to evolve.
Materials and Methods
The sublimation apparatus consists of a flat, capillary tube of resistant glass (e.g., Microslides, manufactured by Vitro Dynamics, Inc., Rockaway, NJ). We utilize various path lengths depending on whether we are working with known dry pigment reference samples (greater path length, since it is difficult to charge the tubes with the pigment) or actual paint particles. For case work specimens of known or questioned paint, we normally use a 0.3 mm path length (cat#3530). The tube is charged by inserting the paint particle into one end with a tungsten needle. The particle is then pushed to the center of the tube using a narrow strip of paper about twothirds of the width of the tube and about as long as the tube itself These manipulations are performed under a stereomicroscope. The tube should have been cleaned previously by wiping the exterior surfaces with a Kimwipe® (Kimberly-Clark Corp., Atlanta, GA) moistened with ethanol.
The tube now is firmly grasped halfway between the particle and one end of the tube with a pair of fiat-tipped steel forceps. The broad contact of the forceps acts as a heat sink on the side of the tube, in addition to supporting it. The tube is heated with a microflame (from a modified alcohol lamp or a gas microburner) a short distance from the particle on the side away from the forcepts. The tube is slowly moved so that the particle is directly over the small flame. The tube is watched carefully and moved quickly out of the flame as soon as a cloudiness is observed on the upper surface of the tube. The tube now must be supported in the air and not placed on a surface (which would quickly cool the underside and thus cause the sublimate to rapidly condense as small crystals on the bottom surface of the tube) until it is cool to the touch. If the pigments from the paint sublime, they will crystallize on the upper surface of the tube on both sides of the particle. Depending on the pigments involved, the best formed crystals may be found on the side away from the forceps (usually the better formed, large crystals because the temperature differential between the paint particle and crystallization surface is small, and the crystals grow more slowly) or closest to them (normally the crystals which grow rapidly and thus smaller as their vapors hit the cold region formed by the heat sinking action of the forceps). The charred residue will remain at the bottom center of the tube, and polymer pyroivzates will normally condense beyond the region of the tube where the sublimates crystallize.
Results and Discussion
The pigment crystals frequently take some time to form (allow at least 5 minutes). Their distribution can be observed under the stereomicroscope, but they should be observed under the polarizing microscope, where their characteristics, color, and optical properties all can be studied and compared. Regions of different colors and different crystal habits are frequently observed which often are polymorphs of the pigments caused by the process of sublimation. They will not prevent identification, but the analyst must be aware of this possibility when analyzing them.
This procedure should always be applied to the known paint first (because it is normally available in quantity) to determine if the technique provides useful additional information in a specific situation. When crystals are obtained, they may be identified by IR microspeetroscopy. The glass tube is scored in the region of the sublimates and then snapped apart. In some instances, it is necessary to crush the tube to provide easy access to the underside of the tubing to which the crystals cling. The sublimates are individually scraped off with a sharpened tungsten needle and are smeared 
